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Abstract
Objectives Primary healing of dental implants is influenced
by their surface morphology. However, little is known about
any alterations in morphology during their insertion.
Therefore, the aim of this study was to evaluate the surface
morphology of four different implant systems, following their
insertion in porcine jaw bones.
Methods Four fresh porcine mandible specimens were used.
Six new implants of four systems (Ankylos® 4.5 × 14 mm,
Frialit Synchro® 4.5 × 15 mm, NobelReplace ® Tapered
Groovy RP 4.3 × 13 mm, Straumann SLA® Bone Level
3.3 × 14 mm) were inserted, whereas one implant of each
system served as a control. After their removal, implants were
cleaned in an ultrasonic bath. All 28 implants were examined
quantitatively by 3D confocal microscopy for surface
characteristics.
Results In the evaluated zones, implants of the Ankylos,
Frialit, and Straumann systems showed mostly a reduction
of the mean surface roughness Sa, the maximal surface rough-
ness Sz, and the developed surface area ratio Sdr; Nobel im-
plants showed an increase in these parameters. With respect to

all three parameters Sa, Sz, and Sdr, statistical analysis re-
vealed that differences between the four systems were highly
significant in the apical region of implants. Controls showed
no morphologic alterations.
Conclusion The insertion process had an impact on the sur-
face of all four implant systems. Anodized implant surface
modification seems to result in more alterations compared
with subtractive surface modifications. Therefore, surgical
planning should take into consideration the choice of surface
treatment because the characteristics of the implants may be
modified during the installation process.
Clinical relevance The given information is of value for daily
implantation practice and the course of osseointegration.
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Introduction

Dental implants are essential in reconstructive dentistry [1].
One of the prerequisites of this success is the development of
implant surface modifications. Osseointegration of implants is
characterized by two phases: the primary osseointegration—
essentially the physical contact between implant and bone—
and the secondary osseointegration, which is the enhancement
of this contact during the bone healing process [2].

Implant surface modifications result in a higher degree of
roughness intending to increase the osseointegration [3].
Several methods have been described for the modification of
titanium implant surfaces including grit blasting, acid etching,
and anodization [2]. On the microscopic level, grit-blasted
surfaces show peaks and valleys between 4 and 6 μm [4].
Acid etching results in a uniform pattern with a roughness
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between 3 and 6 μm [5]. Anodized implants demonstrate a
wide variety of surface features between 0.8 and 7 μm [6].

However, due to the fact that torque moments are needed
for primary stability, the question arises as to whether these
surface modifications are preserved during the insertion pro-
cedure. Recently, deformation of sandblasted and acid-etched
(SLA) implants during the insertion process has been shown
in a pilot study in human cadaver mandibles [7].

Therefore, the aim of the present study was to examine the
surface characteristics of four implant systems after their in-
sertion in porcine mandibles.

Materials and methods

Dental implants For this study, a total of 28 brand new dental
implants of the following four commercial systems were
available (system, diameter x length): Ankylos®
4.5 × 14 mm (n = 7), Frialit Synchro® 4.5 × 15 mm (n = 7)
(both systems Dentsply, D-Mannheim), NobelReplace ®
Tapered Groovy RP 4.3 × 13 mm (n = 7) (Nobel Biocare, S-
Gothenburg), and Straumann SLA® Bone Level 3.3 × 14 mm
(n = 7) (Straumann AG, D-Freiburg). These systems differ
with respect to their surface modifications, according to infor-
mation of the manufacturers:

Ankylos® implants were made of commercially pure tita-
nium grade 2. Surface modification was yielded via large grit
blasting (Al2O3 particles 354–500 μm) and high-temperature
acid etching. The latter results in micro-pits of 0.5-1 μm and
an average micro-roughness of 1.40–1.75 μm. Frialit
Synchro® screws were also made of commercially pure tita-
nium grade 2. The so called Deep Profile Surface (DPS)
consisted of two parallel threads and a high temperature acid
etched micro structure which results in a micro-roughness of
> 2 μm. Nobel Replace ® Tapered Groovy RP implants
consisting of commercially pure titanium grade 4. The
TiUnite® surface was characterized as a thickened titanium
oxide layer which was developed by anodization in a phos-
phoric electrolyte. This process generated a porous surface
with a micro-roughness of 1–2 μm. Straumann implants®
were made of pure titanium grade 4. The surface showed a
macro-roughness of 20–40 μm peak-to-peak and a micro-
roughness of 2–4 μm. Surface modification was performed
with the use of large grit (250–500 μm) blasting and acid
etching (HCL/H2SO4).

In each system, six implants were inserted in porcine bone
and one served as control.

Porcine bone samplesA total of four fresh porcine mandibles
were available. To allow comparison with the human edentu-
lous alveolar process, mandibles were segmented and only the
inferior part of the mandibles was used for implant installation
(Fig. 1). To guarantee comparability of the four mandible

segments, osteodensitometry was performed with use of CT
scans (Philips Brilliance iCT 256—slice CT, Philips
Healthcare, D-Hamburg) (Fig. 2a, b). Evaluation of bone den-
sities of the four bone samples were performed with use of the
software RadiAnt DICOM Viewer (Medixant, PL-Poznan)
(Fig. 3). Care was taken to evaluate separately cortical and
cancellous bony parts of the mandibles.

Implant installation All implants were inserted by the same
surgeon and according to standardized protocols of the man-
ufacturers. Six implants of the four systems were inserted into
four bone blocks. Surgery was performed with a standard
implant surgery device (Implant Center 2, Acteon, D-
Mettman) which allowed documentation of torques.
Moreover, all mandatory Nobel®, Dentsply® and
Straumann® instruments were available. Bony cavities were
prepared at 800 rpm with continuous cooling with 0.9% NaCl
solution. For pre-tapping of Nobel® implant sites, a guided
screw tap-tapered Rp was used at 25 rpm according to the
protocol of the company. Similarly, these implants were also
inserted at 25 rpm and a maximal torque of 45 Ncm was
allowed due to the protocol. In Ankylos® implant cavities,
threads were tapped with tapper number B14 at 15 rpm.
Similarly, installation of implants was performed at 15 rpm
with a maximal torque of 50 Ncm according to the protocol.
Furthermore, according to the protocol of the manufacturer,
Frialit Synchro® screws were inserted, after additional use of
a cortical drill, at 15 rpm without previous thread tapping and
amaximal torque of 50Ncm. Before installation of Straumann
SLA® Bone Level implants, threads were tapped with an
implant congruent tapper (3.3 mm in diameter) at 15 rpm
and a maximal torque of 35 Ncm was allowed due to the
protocol.

With the aid of custommade surgical templates, a standard-
ized distance of six millimeters between implants was obtain-
ed. To exclude systematic effects on surface morphologies due
to different torques during implant installation, all implants
were inserted with a standardized torque of 35 Ncm.

Sample preparation To harvest the implants from the bone
without further manipulation such as rotation, the mandibles

Fig. 1 Bovine mandible before implant installation
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were resected into blocks by use of a commercial metal saw
(Lux, Obi, D-Wermelskirchen). Care was taken not to harm
the implant surfaces. The blocks were cut in a sagittal direc-
tion into two halves and carefully separated to gain free access
to the implants. These harvested implants were cleaned of
existing deposits with distilled water in an ultrasonic bath
(Bandelin Sonorex RK100 Transistor Ultraschallbad, D-
Berlin). For this purpose and to avoid any contact or damage
to the surface, the implants were attached to a fine wire at the
insertion abutment. They were allowed to float freely 2 cm
below the water surface in the cleaning bath. Each ultrasonic
cleaning procedure took 15 min and was repeated until no
more deposits on the surface were visible with the naked eye.

3D confocal microscopy For three-dimensional surface anal-
ysis, a 3D confocal microscope was used (μsurf expert,
NanoFokus AG, D-Oberhausen) which allowed for the quan-
titative evaluation of the surface roughness of the four differ-
ent implant systems. Confocal microscopy is an optical imag-
ing technique which enables increased optical resolution and
contrast of a micrograph by means of adding a spatial pinhole
placed at the confocal plane of the lens to eliminate out-of-
focus light [8]. Measurements can be obtained within 5 to
10 s, contactless and without destruction of the surface. The
system allowed reconstruction of three-dimensional structures

from the obtained images by collecting sets of images at dif-
ferent depths. Accordingly, roughness and surface measure-
ments were performed to a nanometer resolution.

Therefore, harvested implants and controls of all four sys-
tems were positioned in the scanner unit (Fig. 4a). The μSoft
Analysis Premium software program (NanoFokus AG, D-
Oberhausen) was used to calculate 3D roughness parameters
(Fig. 4 b). Four standardized areas of interest (AOI) were
defined: one in the cervical, two in the middle and one in the
apical part of the implant. Each area had a length of 250 μm
and a width of 150 μm, i.e., 37,500 μm2 (Fig. 5).

Surface parameters Implant surface topography was
measured as previously recommended [9, 10]. The fol-
lowing surface parameters were measured and/or calcu-
lated with the use of customized profile sections
(Fig. 6): mean maximum height Sz (average distance
between the highest peak and the deepest valley) in
micrometers, the mean surface roughness Sa (arithmetic
mean deviation of the peak-to-valley height of the sur-
face) in micrometers which provides a good overview of
the values of the height of the irregularities on the sur-
face, and the developed surface area ratio Sdr measured
in percent (%), a hybrid parameter, given by a combi-
nation of amplitude and spatial properties, which indi-
cates the surface area enlargement [9]. The latter de-
scribes the ratio of the measured surface compared with
a nominal flat area in percent [11, 12] (Fig. 5).

Statistical analysis Statistical analysis of the evaluated
values in the regions of interest was performed using
a commercial computer program (Microsoft Excel®, ver-
sion 2010, US-WR-Redmond). Data are presented as
counts, mean values or percentages (Tables 1 and 2).
Chi square test permitted comparison of the different
parameters Sa, Sz, and Sdr between the four implant
systems (Table 3). A p value ≤ 0.05 was considered
to indicate statistical significance.

Fig. 2 a Philips 256-slice CT scanner with bovine bone sample. b Bovine bone sample

Fig. 3 Evaluation of bone density. Software RadiAnt DICOM Viewer
(Medixant, PL-Poznan)
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Results

Porcine bone samples Hounsfield units of cancellous bone
parts of the specimen ranged from 1260 to 1320 HU.
Accordingly, all specimens were attributable to bone Class 1
(> 1250 HU) according to the classification of Misch [13]
(Fig. 3).

Surface alteration Table 1 provides values of the three pa-
rameters Sa, Sz, and Sdr in the four implant systems as com-
pared with controls. It may clearly be seen that all three pa-
rameters Sa, Sz, and Sdr demonstrated major differences be-
tween tests and controls, especially in the apical region.

To allow statistical comparison between the four implant
systems, differences were calculated between values of test
and control surfaces, in all four measured zones (apex, middle
1, middle 2, and cervical) in all four implant systems. Results
are presented in Table 2 as percentage deviation of test values
as compared with controls with respect to parameters Sa, Sz,
and Sdr in the four implant systems. Accordingly, Table 2
demonstrates that the Sa parameter shows the strongest devi-
ation of tests and controls in the Straumann system (mean,
− 10.37%), especially in the apical region (− 27.83%).
Moreover, the six tested implants of this system have also
shown the highest reduction of the maximal surface roughness
Sz (mean, − 15.17%), again in the apical region (− 39.50%).
In contrast, installation of implants of the Nobel company
resulted in a significant increase of the maximal surface
roughness Sz, especially in the apical (+ 70.38%) and cervical
(+ 122.53%) region. Finally, an increase of the developed
surface area ratio Sdr was obviously seen in the six Nobel
implants (mean, + 7.13%), whereas means of all other three
systems showed planation of the surfaces (Ankylos, 5.55%;
Frialit, 26.10%; and Straumann, 24.19%). Figure 7 shows a
graphical summary of the results.

Statistical analysis revealed that differences were highly
significant with respect to all three parameters Sa, Sz, and
Sdr in the apical region of implants (Table 3).

Discussion

Modification of dental implants has become common in oral
rehabilitation in order to increase implant primary stability
and, thereby, osseointegration. It has been shown that osteo-
blasts are attracted by rough surfaces [14]. Accordingly, acid-

Fig. 4 a 3D confocal microscope μsurf expert (NanoFokus AG, D-Oberhausen). b Workstation of the μsurf expert system (NanoFocus AG, D-
Oberhausen)

Fig. 5 Scanning of surface areas. Each area had at least a length of
150 μm and a width of 250 μm; i.e., 37,500 μm2
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etched implants demonstrated higher bone-implant contact
(BIC) values than machined surfaces after 8 weeks of healing
[15]. In addition, anodized implants showed even after
6 weeks better BIC values as compared with machined sur-
faces [16]. Despite the fact that most modern implant systems
offer modified surfaces for the clinician, little is known about
any alteration of their morphology during the insertion proce-
dure. Therefore, taking into account the fact that implant sup-
ported oral rehabilitation places enormous costs on the public
health care system, clinical studies are essential.

In this study, fresh porcinemandibles were used. In a recent
pilot study, a human cadaver mandible was used to evaluate
surface modifications following insertion of six sandblasted
and acid-etched (SLA) dental implants in bone [7].
Accordingly, human bone specimen might have been also
desirable in the present study. However, since more than one
mandible would have been needed to accommodate all 24
dental implants, comparison of the results might have been
compromised due to enormous variations in bone quality

and quantity of human mandible [17]. Therefore, in the pres-
ent study, fresh porcine mandibles were used because dimen-
sions, mechanical properties, and physiology of porcine bone
are very similar to that of humans [18]. In addition, compara-
bility of porcine bone samples was evaluated with use of CT
diagnosis and thus, the reliability of the present results did not
seem to be hampered by the bone model used. In addition,
other models like in canines do not reflect a comparative sit-
uation like in humans as the chewing behavior of rodents [18].
Porcine models are preferred in this situation [18].

In the literature, surface analysis had often been performed
with scanning electron microscopy [2, 7, 10]. However, it was
stated that three-dimensional measurements should be includ-
ed when implant surface morphology is investigated [10].
Accordingly, optical modes of surface characterization
(profilometry, interferometry) have been used for more than
20 years [2, 11, 19], including the use of 3D confocal micros-
copy [9]. Therefore, the use of 3D surface analysis such as 3D
confocal microscopy employed in the present study is well

Table 1 Values of Sa, Sz, and Sdr in the four areas of interest (AOI)

Parameter AOI Inserted implants (n = 6) vs. control (n = 1)

Ankylos Frialit Nobel Straumann

Sa: mean roughness (μm) Apex 1.735 (1.570) 2.252 (2.260) 1.327 (1.090) 1.660 (2.300)

Middle 1 1.535 (1.550) 2.393 (2.140) 1.110 (1.250) 1.833 (2.290)

Middle 2 1.248 (1.470) 1.948 (2.360) 1.115 (1.310) 2.283 (2.230)

Cervical 1.393 (1.440) 2.152 (2.070) 1.460 (1.090) 2.380 (2.280)

Mean 1.477 (1.507) 2.186 (2.208) 1.253 (1.185) 2.039 (2.275)

Sz: maximal roughness (μm) Apex 22.067 (18.300) 18.800 (19.000) 13.222 (7.760) 16.517 (27.300)

Middle 1 18.675 (14.400) 21.600 (18.800) 8.303 (8.880) 22.317 (23.000)

Middle 2 14.327 (18.200) 19.700 (21.800) 10.390 (8.040) 31.650 (40.000)

Cervical 16.167 (18.500) 21.033 (18.000) 18.715 (8.410) 28.517 (26.400)

Mean 17.804 (17.350) 20.283 (19.400) 12.658 (8.273) 24.750 (29.175)

Sdr: developed surface area ratio (%) Apex 44.600 (41.500) 51.850 (72.000) 48.033 (33.000) 31.450 (55.300)

Middle 1 35.450 (31.600) 60.100 (70.500) 38.683 (38.200) 37.000 (55.400)

Middle 2 25.383 (31.900) 41.700 (66.400) 28.373 (40.300) 48.883 (55.900)

Cervical 24.533 (32.600) 51.633 (68.900) 40.242 (33.500) 47.017 (50.200)

Mean 32.492 (34.400) 51.321 (69.450) 38.833 (36.250) 41.088 (54.200)

Major differences between tests and controls can clearly be seen, especially in the apical region

Fig. 6 Customized profile
section of scanned surface
according to Fig. 5
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established in the literature, allowing calculation of height and
spatial parameters such as Sa, Sz, and Sdr on a nano-scale
resolution.

Similar to the present study, Mints and coworkers have
calculated roughness parameters, including the average height
deviation (Sa) [2]. The authors described that turned implant

surfaces exhibited similar morphology before and after im-
plant insertion. In contrast, anodized implants demonstrated
the most extensive damage associated with insertion: on the
crest of the threads and in the apical region, the entire porous
oxide layer had been removed. Acid-etched implants showed
reduced peak height associated with flattened areas after inser-
tion. In this study, only acid-etched and anodized implants were
investigated. Thus, differences of mean values of controls and
test implants were calculated and percentage deviation was pro-
vided for all three parameters Sa, Sz, and Sdr which is also in
accordance with the respective literature [2, 9, 10].

Table 2 Percentage deviation of tests and controls with respect to parameters Sa, Sz, and Sdr

Parameter AOI Inserted implants (n = 6) vs. control (n = 1)

Ankylos (%) Frialit (%) Nobel (%) Straumann (%)

Sa: mean roughness (μm) Apex + 10.51 − 0.37 + 21.71 − 27.83

Middle 1 − 0.96 + 11.84 − 11.19 − 19.94

Middle 2 − 15.11 − 17.44 − 14.86 + 2.39

Cervical − 3.36 + 3.95 + 33.90 + 4.39

Mean − 1.99 − 0.96 + 5.73 − 10.37

Sz: maximal roughness (μm) Apex + 20.58 − 1.05 + 70.38 − 39.50

Middle 1 + 29.56 + 14.89 − 6.94 − 2.97

Middle 2 − 21.28 − 9.63 + 29.23 − 20.88

Cervical − 12.61 + 16.85 + 122.53 + 8.02

Mean + 2.62 + 4.55 + 53.01 − 15.17

Sdr: developed surface area ratio (%) Apex + 7.47 − 27.99 + 45.56 − 43.13

Middle 1 + 12.18 − 14.75 + 1.27 − 33.21

Middle 2 − 20.43 − 37.20 − 29.60 − 12.60

Cervical − 24.74 − 25.06 + 20.12 − 6.34

Mean − 5.55 − 26.10 + 7.13 − 24.19

Sdr increased mostly in the Nobel implants, whereas the other three systems showed planation of the surfaces

Table 3 Statistical analysis of the four implant systems in the four areas
of interest (AOI)

Parameter AOI Chi square p value

Sa: mean roughness (μm) Apex 12.301 0.006**

Middle 1 7.054 0.070

Middle 2 2.589 0.459

Cervical 0.969 0.809

Mean 4.407 0.221

Sz: maximal roughness (μm) Apex 16.080 0.001**

Middle 1 3.220 0.359

Middle 2 9.582 0.022*

Cervical 7.620 0.055

Mean 9.807 0.020*

Sdr: developed surface area ratio (%) Apex 16.807 0.001**

Middle 1 9.816 0.020*

Middle 2 5.987 0.112

Cervical 6.780 0.079

Mean 17.780 0.001**

All three parameters Sa, Sz, and Sdr show significant differences in the
apical region of implants

A P-value ≤ 0.05* indicated statistical significance, a P-value ≤ 0.01**
high statistical significance

Fig. 7 Developed surface area ratio (Sdr) in percent following implant
insertion in porcine bone as compared with controls. Positive values
indicate increase in surface area; negative values indicate surface
planation
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The present results demonstrated that acid etched implants
showed a significant reduction of the mean surface roughness
Sa, especially in the apical region (p = 0.006), and of the mean
developed surface area ratio Sdr (p < 0.001) (Table 3). These
findings were more pronounced in Straumann implants (mean
Sa, − 10.37%) as compared with Dentsply implants (mean Sa,
− 1.99 and − 0.96%, Table 2; Fig. 7). In contrast, anodized
implants of the Nobel company showed a significant destruc-
tion of the surface, indicated by a significant increase of the
mean surface roughness Sa (mean, + 5.73%) and the devel-
oped surface ratio parameter Sdr (mean, + 7.13%) and are in
line with recent findings by other groups) [2].

These present results are of clinical interest due to the fact that
despite the wide use of osseointegrated titanium implants and the
substantially growing research on the development of new tita-
nium surfaces and/or modification of existing surfaces, a detailed
understanding of themechanisms of osseointegration is still lack-
ing [20]. Commercially available implants have been categorized
according to the surface roughness value (Sa) into four groups
[21]: smooth (Sa < 0.5μm),minimally rough (Sa = 0.5–1.0μm),
moderately rough (Sa = 1.0–2.0 μm), and rough (Sa > 2.0 μm).
The surface roughness increases with the size of the particles
used [22]. Twenty-five micron particle-blasted surfaces were
rougher than the machined surface (Sa 0.3 to 1.0 μm) while
smoother than 75 and 250μmblasted surfaces. Typical Sa values
are 0.5–2.0 μm. Further, implants blasted with 25 and 75 μm
particles show higher removal torque compared with a machined
implant surface after 12 weeks of healing in either rabbit tibia or
femur [19]. Significantly higher bone-implant contact was ob-
served for the 25-μm blasted surface compared with machined
surface while the bone area within the threads were significantly
higher for the machined surface after 12 weeks [19] and 1 year
healing [23]. Interestingly, similar removal torque while signifi-
cantly higher bone-implant contact and bone area was observed
for implants blastedwith 25μmparticles comparedwith 250μm
particles [20, 24].

The biological response to blasted implants show a optimal
bone response with regard to removal torque values and bone
implant contact to implants when a roughness of 1.5 μm is
achieved whereas the blasting particle material, either TiO2 or
Al2O3 with a size of 25 μm, did not show any difference in bone
response with respect to removal torque, bone implant contact,
and bone area after 12weeks healing [20]. Interestingly, at a level
relevant for commercial oral implants, no correlation was found
between increasing roughness and ion release, neither in vitro nor
in vivo [25]. However, to the knowledge of the authors, surface
roughness values provided in the referenced studies were not
assessed following implant installation. Therefore, it may be
assumed that most of the available data are based on
the in vitro surface measurements and not on surface
characterization that was performed following the pro-
cess of insertion. Consequently, it may be anticipated
that differences in bone type may affect the results.

These assumptions are corroborated by the new findings
previously presented in the literature. It was shown that there
was a significant change in the surface concentration of Ti and
C following mechanical surface stress [26]. Therefore, it may
be anticipated, again, that the insertion process results in dif-
ferent mechanical stress to the surface at different moments
[27]. On the other hand, higher stress to the surface may lead
to more extensive damage of the surface. Due to the fact that
titanium particles were described even in the interface of ma-
chined implants [28], it is of interest that these particles can
cause chronic inflammation [29], release of pre-inflammatory
cytokines such as IL-6, IL-8, and TNF-alpha [30], and thereby
compromised implant healing.

Dental implants of the NobelReplace ®, Ankylos®, and
Straumann SLA® Bone Level system were installed in this
study following bone tapping whereas Frialit Synchro® im-
plants were inserted following use of a cortical drill, as re-
quired by the protocol. At first look, one might consider this
as a drawback in methodology because literature has pointed
out a significant impact of bone tapping on removal torques in
the rabbit tibia [31]. However, it was the intention of the pres-
ent study to use clinical standard protocols of the manufac-
turers and, thereby, to imitate clinical procedures.
Interestingly, Frialit Synchro® implants without pre-tapping
have shown very similar surface characteristics like the two
systems (Ankylos®, Straumann SLA® Bone Level) with
bone tapping. Moreover, maximal torques of 35 Ncm were
applied to all four systems although in three systems, signifi-
cantly higher torque values (and, in consequence, more pro-
nounced surface alterations) might have been possible accord-
ing to the protocols. Therefore, it may be assumed that the
present results were not harmed to any significant extent by
bone tapping or not. Nevertheless, this study has some limita-
tions. First, the implants were inserted in vitro in porcine bone
with a bone type class I only. Of course, further studies are
needed for testing other bone class types, which would be
interesting as well. Right now, we addressed the problem in
class I bone as this is one of the most frequent situations in
clinical implant practice. Second, 3D confocal microscopy
does not allow analysis of implant surface chemistry.
Therefore, any influence of the insertion process on biocom-
patibility remains unclear.

Conclusion

Within the limitations of the present study, it may be conclud-
ed that the insertion process had an impact on the surface of all
four implant systems. In the current study findings, anodized
implant surface modification seems to result in severe alter-
ations compared with subtractive surface modifications.
Therefore, surgical planning should take into consideration
the choice of surface treatment because the characteristics of
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the implants may be modified during the installation process.
According to the findings and study design of the present
implants tested, Nobel implants showed least alterations of
surfaces. Further studies with respect to implant surface chem-
istry are required to evaluate potential biological conse-
quences as well as studies with different bone classes.
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